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Abstract 
The automated perimeter is becoming the instrument of choice in the analysis of the visual field. There 
are a number of different perimeters in use and it can be difficult to compare results from two different 
instruments. This study did a statistical comparison of field test results from the Dicon TKS 4000 
Automated Perimeter (program #9) and the Allergan Humphrey Field Analyzer or HFA (30-2 threshold 
using FastPac ). Central 30 degree, 76 point full threshold fields were performed on 20 optometry 
students using both instruments. Thresholds of grouped points were compared between instruments. A 
difference between instruments significant at P<0.0001 for 19 of 24 groups was found. In addition, the 
HFA threshold values were consistently higher (average 2.47 dB difference) than the Dicon values. Each 
subject was tested twice on each instrument; both showed high test-retest correlations, 0.970 for the HFA 
and 0.971 for the Dicon. Test administration times were comparable (average 435.2 seconds for the HFA 
versus 430.2 seconds for the Dicon), although the Dicon averaged 41.5 fewer points tested per exam. 
Dicon' s kinetic fixation point produced higher numbers of fixation losses and false positive responses. 
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ABSTRACT 
The automated perimeter IS becoming the instrument of choice in the 
analysis of the visual field. There are a number of different 
perimeters in use and it can be difficult to compare results from two 
different instruments. This study did a statistical comparison of field 
test results from the Dicon TKS 4000 Automated Perimeter (program 
#9) and the Allergan Humphrey Field Analyzer or HFA (30-2 
threshold using FastPac ). Central 30 degree, 76 point full threshold 
fields were performed on 20 optometry students using both 
instruments. Thresholds of grouped points were compared between 
instruments. A difference between instruments significant at 
P<O.OOOl for 19 of 24 groups was found. In addition, the HFA 
threshold values were consistently higher (average 2.47 dB 
difference) than the Dicon values. Each subject was tested twice on 
each instrument; both showed high test-retest correlations, 0.970 for 
the HFA and 0.971 for the Dicon. Test administration times were 
comparable (average 435.2 seconds for the HFA versus 430.2 
seconds for the Dicon), although the Dicon averaged 41.5 fewer points 
tested per exam. Dicon' s kinetic fixation point produced higher 
numbers of fixation losses and false positive responses. The Dicon 
TKS 4000 was subjectively preferred over the Humphrey Field 
Analyzer by most subjects. 
Keywords: automated perimetry; visual field testing; threshold; 
kinetic fixation 
Introduction 
The development of automated perimetry has made visual field 
examinations a routine part of the optometric examination. As a 
diagnostic tool in the optometric practice, there are many advantages 
to automated perimetry. It can be performed rapidly, and can be 
administered by technical personnel with minimal training. There 
are a number of different perimeters in use today, and as a result it 
may become necessary to compare test results from two different 
instruments. A practitioner may be reluctant to do this however, 
because he/she is unsure whether the results from different 
instruments correlate with each other. If the practitioner is 
confident that either instrument will yield the same result, then 
repeated tests and unnecessary costs to the patient may decrease. 
The Dicon TKS 4000 Autoperimeter is a relatively new device in the 
area of clinical visual field testing. It is unique in that it employs a 
kinetic fixation light rather than the traditional steady fixation point 
seen in the Allergan Humphrey Field Analyzer. The Dicon 
instrument also employs a computer synthesized voice to instruct 
and periodically encourage the patient during the test. A hard copy 
of the visual field can be plotted by the built-in printer or can be 
saved to disk. A statistic.al program must be installed on a IBM 
compatible PC in order to review and analyze data taken on the 
instrument. The threshold program utilizes a modified 6/3 dB step 
algorithma. 
The Allergan Humphrey Field Analyzer has been in use for many 
years. A recent software innovation, the FastPac program, has 
decreased testing duration. It utilizes a 3 dB step size and single 
crossing compared to the 4-2 dB double staircase strategy employed 
in the standard program. Recent studies have shown the FastPac 
program to reduce examination times by 36% and increase short-
term fluctuation over the standard threshold strategy 1. 
This study did a statistical comparison of field test results from the 
Dicon TKS 4000 and the Allergan Humphrey Field Analyzer. This 
comparison was possible because the full threshold screening on the 
Humphrey 30-2 and the Dicon's program #9 both use a 6X6 degree 
grid pattern to test 76 points in the patient's central 30 degree visual 
field. Both instruments measure thresholds using al 0,000 apostilb 
stimulus assigned to 0 db. There may be some differences in 
background illuminance and stimulus type2. The Humphrey uses a 
standard size III projection stimulus ( 4mm2 at 30 em or 11 mm2 at 
50 cm)3, whereas the latest Die on instruments use a size IV light-
emitting diode emitting light from 550-600 nma. 
Previous studies comparing the Dicon TKS 4000 and the Humphrey 
Field Analyzer have shown no significant threshold differences2 and 
high correlation with global indicesb. No previous study used 
program #9 on the Dicon TKS 4000 for comparison purposes. It 
utilizes a full threshold 6 degree grid pattern identical to that of the 
30-2 test on the Humphrey4. Previous studies utilized older models 
of the current Dicon TKS 4000. Recent editions of the Dicon TKS 4000 
use a Goldmann stimulus IV opposed to a size IIJa. It is intensity-
attenuated to make it comparable to the size III. 
HFA's FastPac program was utilized to reduce testing time and 
number of point presentations for our study. We felt that a 
comparison of the standard 30-2, which takes approximately 15 
minutes per eye, with the Dicon #9 was inappropriate because the 
30-2 without FastPac takes twice as long and presents twice as many 
points for threshold measurement. 
This study divided the central 30 degree visual field into 24 areas. 
The points located within each sector were summed and an average 
threshold value in decibels was used for comparing the two 
instruments. Previous comparisons used quadrants2. We felt that a 
better comparison of the data could be obtained if the sectors were 
smaller. Subsequently, less information is lost due to averaging data 
points. A point-for-point comparison was not attempted because the 
exact location of each point tested in the subjects field might vary2. 
Limitations on sample size also precluded a finer analysis of the data. 
Methods 
The testing was run m two phases. In phase one, the subjects were 
tested twice; once using Program #9 on the Dicon TKS 4000 (76 point, 
full threshold), and once using the Allergan Humphrey Field 
Analyzer (76 point, full threshold 30-2 using FastPac). Tests were 
consecutive on the same eye with the results saved to disk and 
printed on hardcopy. In phase two, the same subject was run twice 
again with the order of the instruments reversed. The same eye was 
tested in both phases. Test order was determined randomly, some 
subjects had the Dicon run first, while others had the Humphrey first. 
Phase one and two were run on different days. In all cases, at least 
ten minutes rest was allowed between tests to minimize fatigue. 
The twenty subjects were volunteers from the Pacific University 
College of Optometry. Nine females and eleven males, ages rangmg 
from 21 to 32 years old, averaged 25 .1 years old. All subjects were 
free of any known ocular pathology. A recent eye exam was on file 
at the university clinic in all cases. All subjects had prior automated 
visual field expenence. 
Testing was done in a darkened clinic room at the Forest Grove 
Family Vision Clinic using standard clinical protocol. Prior to all tests, 
visual acuities through the subject's habitual correction was taken. A 
minimum acuity of 20/20 was required. Subjects wearing contact 
lenses were allowed to wear them during the test. Subjects wearing 
spectacles used trial lenses corrected to 20/20 for the purpose of the 
exam. None of the subjects required a near add. All subjects were 
encouraged to concentrate during the test procedure. Following the 
completion of phase two, the subjects were given a short multiple 
choice questionnaire to fill out. 
Visual field test results of twenty eyes comprised the data analyzed. 
For the purpose of analysis, the visual field was divided into 24 
sectors. Figure I shows the configuration of the sectors and the 76 
points tested by the Humphrey and Dicon TKS 4000. All left eye data 
was (arbitrarily) flipped horizontally to simulate a right eye .visual 
field for statistical purposes. This ensured that the same points 
relative to the blind spot were being compared between subjects. All 
data was analyzed with Excel and StatView statistical programs. 
Results 
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Figure 1: Right eye visual field divided into 24 6X6 
degree sectors. 'X's represent the 76 point locations 
tested in the Humphrey 30-2 and Dicon TKS 4000 
Program #9 full-threshold field tests. 
There were significant differences between the test results obtained 
by the Dicon TKS 4000 and the Humphrey Field Analyzer. Figure 2 
shows a comparison of two-tailed t-tests between the Humphrey and 
Dicon across the 24 sectors. It indicates that for 19 of the 24 sectors 
there was a statistically significant difference between the threshold 
values at p<O.OOOI. In addition, a One Factor ANOV A Repeat 
Measures analysis comparing the HFA and Dicon showed statistically 
significant differences at 99% significance. 
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Figure 2: 2-tailed t-test probabilties for all 
sectors. (Top): Comparison of Humphrey 30-2, Run 1 
versus Dicon TKS 4000 Program #9 76 point full 
threshold , Run 1. (Bottom): Comparison of Humphrey 
30-2 , Run 2 versus Dicon TKS 4000 Program #9, 76 
point full threshold, Run 2. 
Humphrey 30-2 OD 
25 .688 24 .525 
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Dicon Program #9 OD 
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Figure 3: Average thresholds for Humphrey 30-2 (top) and 
Oicon TKS 4000 Program #9 (middle) in decibels for 20 
subjects. Bottbm shows differences in decibels between 
Humphrey and Dicon. Positive differences indicate higher 
thresholds measured by Humphrey, 
Table 1 shows the mean threshold values for all subjects. Figure 3 
shows the average threshold in each sector for the twenty subjects 
for both instruments and the differences between instruments in dB. 
-Overall, the HF A measured higher thresholds (average 2.4 7 dB) than 
the Dicon instrument. 
Mean (run 1) s.d. Mean (run 2) s.d. 
Humphrey FA 28.90 dB 2.30 29.12 dB 2.22 
Dicon TKS 4000 26.60 dB 1. 73 26.54 dB 1 . 61 
Table 1: Comparison of mean thresholds for the HFA and Dicon TKS 4000 for twenty 
subjects . 
Correlations between the first and second runs of each instrument 
were very high indicating good test-retest validity. The correlation 
between runs was 0.970 for the HFA and 0.971 for the Dicon 
instrument. Two-tailed t-test results for with-in instrument field 
tests were performed. It showed that thresholds in all sectors did 
not differ significantly between runs at p<O.OOl. 
Estimates of patient reliability are given by both perimeters. Table 2 
shows the number of fixation losses, false positive and false negative 
errors as a number per 100 points tested. The Dicon produced more 
(2.30/1 00) fixation losses than the HFA (0.17 /1 00) and false 
positives (0.53/100 for the Dicon versus 0.04/100 for the HFA). 
Very few false negatives were recorded for either instrument. 
Fixation Losses False Posit ives False Negatives 
Humph rev FA 0.17/100 0 .04/100 0 .02/100 
Dicon TKS 4000 2.30/100 0.53/100 0.00/100 
Table 2: Comparison of rel iability indicators on each instrument; average number per 
100 quest ions asked. 
The time taken for administration and the number of points 
presented is shown in table 3. The testing times are comparable, 
with an average difference of only 5 seconds. The number of points 
tested was on average 41.5 fewer for the Dicon. 
Testing Duration Number of Points Tested 
Humphrey FA Average 435.2 sec Average 253.3 
S.d. 34.1 S.d. 16.5 
Dicon TKS 4000 Average 430.2 sec Average 211.8 
S.d. 17.4 S.d. 8.5 
Table 3: Comparison of testing duration and number of points tested; includes fixation 
loss, false positive, and false negative questions. 
All subjects filled out a questionnaire (see Figure 4) upon completion 
of their last field test. Results are presented in Figure 5. The Dicon 
TKS 4000 was preferred over the Humphrey Field Analyzer on a 
number of parameters. Most subjects felt that the HFA required 
more concentration (70%) and caused more fatigue (80%) than the 
Dicon TKS 4000. Almost all of the subjects found the Dicon 
instrument more interesting (95%) and found the Dicon's voice 
prompter helpful (70% ). It was interesting to note that most 
patients perceived the Dicon test to be shorter in duration even 
though on average the actual difference in test time was only 5 
seconds. 
Some subjects commented that the moving fixation point m the Dicon 
instrument helped them to maintain attention but, 30% of the 
subjects did not find the moving fixation point helpful. Forty-five 
percent of the subjects found the Dicon's kinetic fixation light easier 
to fixate on, while 25% felt the HFA' s static fixation light to be easier. 
Overall, 60% of the subjects preferred the Dicon although 35% found 
the Humphrey instrument to be more comfortable. 
Questionnaire 
Please circle your choice on the answer sheet. 
(1.) Which instrument required more concentration? 
a. Humphrey b. Dicon TKS 4000 c. no difference 
(2.) Which instrument caused more fatigue? 
a. Humphrey b. Dicon TKS 4000 c. no difference 
(3.) Which instrument was more . interesting? 
a. Humphrey b. Dicon TKS 4000 c. no difference 
( 4.) On which instrument was fixation easier? 
a. Humphrey b. Dicon TKS 4000 c. no difference 
(5.) Which field evaluation seemed shorter in duration? 
a. Humphrey b. Dicon TKS 4000 c. no difference 
(6.) Did you find the Dicon's voice prompter helpful? 
a. no b. yes 
(7 .) Did you find the voice distracting? 
a. no b. yes 
(8.) Which instrument did you prefer? 
a. Humphrey b. Dicon TKS 4000 c. no difference 
(9.) Which instrument was more comfortable? 
a. Humphrey b. Dicon TKS 4000 c. no difference 
Any other comments; please write on this sheet. 
Thank you for participating!! 
Figure 4: Questionnaire giVen at the conclusion of testing. 
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Figure 5: Results of questionnaire given at the conclusion of testing. The 
number of subjects (out of 20) preferring one instrument or the other is 
plotted on the X ax is for each question. Refer to figure 4 for question 
asked. 
Discussion 
Testing of twenty normal subjects indicates that (a) the Dicon TKS 
4000 and Humphrey Field Analyzer produce statistically significant 
(t-test and ANOV A) different test results (Program #9 versus the 30-
2 full threshold run on FastPac); (b) both instruments demonstrate 
high test-retest reliability (high correlation with mean differences 
less than 1 db); (c) subjects preferred the Dicon TKS 4000 on a 
number of subjective parameters but felt it could be improved in a 
number of ways; (d) the Dicon produced greater numbers of false 
positives and fixation losses than the Humphrey even though many 
subjects found it easier to fixate. 
It seems that a direct comparison of the test results from the Dicon 
TKS 4000 and Humphrey FA cannot be done. The two-tailed t-tests 
(see Figure 2) indicate that there are differences in threshold 
between instruments statistically significant to P<O.OOOl for most 
sectors. One possible source for this discrepency might be caused by 
the stimulus used by each instrument to measure the threshold . The 
Dicon uses a stimulus size IV LED versus the HF A's projected stimuli. 
Although both stimuli are calibrated to the same 0 dB-1 0,000 asb 
level, the differences in size and type of stimulus may affect the 
threshold. This issue was not addressed by this study. 
The average difference between thresholds was 2.47 dB with the 
Humphrey threshold higher. Normal short-term fluctuation, a 
measure of intra-test variability, has been reported to be anywhere 
from 1.3 dB to 3.0 dB5 ,6. Kinetic fixation does not seem to increase 
short-term fluctuation significantly in the Dicon instrument? but 
HFA' s FastPac has been shown to increase short term fluctuation 0.40 
dB to 0.64 dB in glaucomatous patientsc,d. The difference of 2.47 dB 
between the HF A and Dicon was statistically significant, but no 
consideration · of short-term fluctuation was taken. 
Both instruments offer fast (under eight minutes) 76 point full 
threshold exams which are reproducible across tests. Dicon 's unique 
kinetic fixation point may encourage attentiveness and decrease 
perceived testing duration but may produce more fixation losses and 
false positives, two indicators of patient reliability. Because all 
subjects had previous perimetric experience, a learning curve effect 
does not account for the differences. 
Both instruments utilize the Heijl Krakau methoda,8 for determining 
fixation loss, however the Dicon 's larger stimulus size might result in 
higher numbers of fixation loss responses. The stimulus might be 
perceived by subjects with smaller or unusually shaped blind spots. 
For example, if the stimulus was presented near the edge of the blind 
spot the larger target would more likely be seen. 
The subjects were encouraged to make comments and suggestions at 
the end of their tests. Some important issues were raised. One 
subject noted that the Dicon' s kinetic fixation point would be 
problematic for those patients with gaze restrictions or nerve palsies. 
Additionally, any patient with inadequate pursuit movements may 
not be able to track the fixation light effectively and may miss the 
presentation of the stimuli. Furthermore, unlike the Humphrey 
instrument there is no way to monitor the subject's fixation during 
the test. If a subject is not fixating appropriately, the test 
administrator will not know until after the test is completed and 
repeated tests may be necessary. Lastly, some subjects found the 
Dicon instrument to be unstable and uncomfortable. Unlike the HFA, 
there is no chinrest on the Dicon instrument. Patients need only to 
place their forehead against a plastic rest to be in testing position. 
Some subjects perceived a 'washing out' effect in the Humphrey Field 
Analyzer attributable to the static fixation point. After a few 
minutes, subjects would notice the periphery fade. As a result, it 
became increasingly more difficult to ascertain whether or not a 
point was presented. This 'hypnotizing sensation'9 was not noted m 
the Dicon instrument presumeably because the fixation point and 
field moved. 
In summary, both instruments are reliable clinical field perimeters. 
A practioner may be reluctant however to directly compare the test 
results between instruments. The HFA and Dicon TKS 4000 produce 
statistically significant different threshold values. The clinical 
significance of this difference, opposed to the statistical significance, 
is unknown and was not addressed in this study. 
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